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1. Introduction

In this contribution we provide some use cases about how the access pipe concept described in [2] can be applied to meet many of the mobility drivers described in [1].
2. Access pipes and user profiles
Traditionally in cellular networks, a subscription/user based mobility strategy has not being handled as an integral solution. For example, core network cannot control mobility procedures but can control the accessibility of the UE in a certain degree (e.g. 3G only, 2G and 3G).  On the other side, the radio network can be provisioned with very limited subscription based mobility according to the IMSI of the subscriber but such an approach is limited to differentiate mobility between home subscribers and roaming subscribers.
As mentioned in [1] a subscription based mobility aims to limit the inter-RAT mobility for certain UEs, e.g., based on subscription or other operator policies. This means that different UEs may have different final destinations triggered by a certain event (load, coverage, etc) as shown in the below figure. We see the need to support this mobility driver as the heterogeneous network offered by the operator is becoming more complex with different radio access technologies under similar levels of availability. 
In order to offer different accessibility and mobility options to the operator’s subscribers we agree on the need of having different subscription profiles or UE classes similarly as described e.g. in [4] and that these classes or profiles are given to the UE during NAS procedures (e.g. initial attachment, tracking area update). However a solution related to how to steer the mobility, i.e., mapping different UE classes to different mobility behaviours is still an open issue. Such a solution should be coherently integrated in the LTE network or even in UTRAN/GERAN when applicable with minimal impact. As an example of coherent approach: if the UE from the figure below is targeted to LTE 1.25Mhz, LTE 10Mhz and HSPA f1 and if the final destination is HSPA f1, once the UE is in the HSPA network, the network should not allow the same terminal to move to 3G f2.


[image: image9.png](@)
NO (cella) J.{J_’g &

HDmE cell

F2NCL Userl userz
FLNCL





Figure 1: Mapping of subscription profiles to final destinations
The access pipe concept introduced in [2] provides a solution for mapping the subscriber profiles to different mobility behaviours which is based on controlling the radio access capabilities of the UE according to subscription profiles. The result is the use of a virtual UE radio capability that is treated by the UE and network in the same way as the UE radio access capability information is handled in current cellular networks:

Virtual UE radio capability= (UE hardware radio capability, Access pipe for a given subscription profile)

In the following sections we describe as examples some few scenarios that can be potentially achieved by using the access pipe concept and applying prioritization between the layers included in the access pipes. 

2.1 Access pipes: use cases
2.1.1 Use of access pipes during RRM procedures
In 3G idle/dedicated mobility procedures, all 3G terminals under the same network configuration follow the same mobility path for a given event, e.g., upon low radio coverage all UEs move to GSM. In dedicated mode a similar situation is found since in case an event is triggered, terminals follow the same instructions from the network, either all of them are commanded to another frequency or to GSM.

With the arrival of LTE the handover and reselection procedures becomes more complex as the number of network candidates for handovers/reselections are quite many. A better approach to take in LTE would be to assign to terminals predefined paths that each of them can use upon arrival of an event. As an example, if different terminals are assigned different access pipes such as the ones shown in the example on Figure 2, the following examples are possible:

· Example 1: Idle mode: High load or low radio coverage is triggered  by cell reselection procedures
User 1 reselects to GSM, while user 2 try to reselects to 3G F3. If 3G F3 is not available, user 2 tries to reselect to the next highest priority access network.

· Example 2: Redirection during call establishment 

Assuming adhoc measurements are supported [5], UE can report measurements from access networks included in its access pipe during the RRC connection request. According to those measurements, network can redirect each terminal to different access networks.
· Example 3: Handover due to coverage/load reasons

User 1: Upon measurement notifications from network, user 1 reports GSM measurements. Network starts handover procedures to GSM.

User 2: Upon measurement notifications from network, user 2 reports LTE f1 measurements (or any other available measurements according to its access pipes). Network may start handover procedures to the best cell from the access technology reported by terminal.
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Figure 2: Network configuration
2.1.2 Handling of roaming subscribers

Operator can offer different radio accesses to roaming subscribers simply by allocating them different access pipes. The radio planning process is quite simple as it is only focused on building the neighbour cell list based on coverage simulations and field measurements or self optimisation procedures without having to take into account special configurations for certain IMSI numbers.
In the example below each cell contains the same carriers. User 1, a home subscriber, is granted a subscription class which consist on an access pipe composed of all LTE carriers and a 3G carrier. Operator decides not to grant the same access technologies to a roaming subscriber due to capacity limitations or roaming agreements. Therefore, the roaming subscriber (user 2), is then granted a different access pipe (3G, LTE f3) during the initial attachment or TAU update. Since UE and network are aware of the virtual UE radio access capabilities, user 1 and 2 will be able to reselect or handover only to an access network inside their corresponding access pipe.
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Figure 3: Home and roaming subscribers under the same network configuration
2.1.3 Subscription offering 
Operators owning different radio access technologies can have better control of the mobility and accessibility of their subscribers without being restricted by the type of terminal being used. At the same time, subscribers can decide different access pipes on subscription basis and not being forced to use LTE just because they own LTE terminals.

The access pipe concept allows operators to offer different access levels at different pricing and distributing the load on its network across all the network avoiding “all LTE terminals to camp on LTE” as it is done currently in 3G-2G inter-working. The type of services to be offered by the operator can be very diverse and one example is shown in table 1. Figure 4 describes two subscribers with different subscription profiles accessing the network and being handled by the network in different ways, according to their access pipes. As shown in the figure if a user (gold class 2) is not able to find its highest priority access network (LTE f2) it will be handled to its next available network following a priority list.
	Subscription
	Service
	Access pipe
	Description

	Basic
	Voice and low data speed
	GSM/GPRS
	Voice calls will continue to be one of the most popular wireless services. Voice only service could be offered for normal consumers and small businesses requiring cheap voice call solutions and not requiring much data services. . Operator benefits of this cheap connection demands by allocating subscribers to “old” access networks and reducing the load in other radio access networks.

	Silver class
Medium speed connection
	Data + voice
	3G/2G
	Silver class offers a medium speed data connection provided by e.g., 3.5G/2.5G. Terminals with this kind of subscription should access either 2G or 3G, even if they use LTE terminals. Camping on LTE should be forbidden.

	Gold class 1
High data connection
	Data+voice
	3G/2G and LTE f1(BW = 5Mhz)
	Gold class 1 offers a high speed data connection provided by LTE and having 2G/3G technologies as back-up networks. Cell reselection/handovers should prefer camping on frequency LTE f1 (the highest priority access network) or in 3G/2G. Reselections/handovers to other LTE carriers (e.g. LTE f2) is forbidden.

	Gold class 2
Very high data connection
	Data+voice
	3G/2G, LTE f1 and LTE f2
(BW =10Mhz)
	Gold class 2 offers a VERY high speed data connection provided in LTE f2 and having LTE f1 and 2G/3G technology as back-up networks. Cell reselection/handovers should prefer LTE f2. If f2 is not available, UE should move to other radio technologies included in the access pipe by following a list of priorities.


Table 1: Example of different subscription offering by using the access pipe concept
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Figure 4: Example of different mobility paths according to different subscription profiles

The impact of applying the access pipe concept to legacy radio networks is low as the legacy networks will treat the terminals with the different subscription profiles exactly in the same way as the legacy terminals but taking into account the new virtual radio access capabilities. Nevertheless, the use of access pipe concept across LTE bands only seems as well and attractive approach as the offered capacity of LTE carriers will be diverse.
2.1.4 Integration of private/virtual/public networks
Using the access pipe concept, operators can easily integrate corporate/home cells and virtual networks, implemented in specific LTE carriers, into the public network while maintaining the access restrictions and privileges requirements. This is illustrated in the example shown in Figure 5 where a home cell (carrier LTE f2) is located inside the coverage of a public cell A (LTE f1). A public user (user1) should not access the home cell which means that user1 should not reselect to the home cell and network should not command handovers to the home cell. This is possible if the access pipe for user 1 exclude the LTE f2 carrier. About user 2 (the home cell user) he may be free to move between public and home cell by using and access pipe that includes LTE f1 and LTE f2. User 2 can be as well excluded from the public network by using an access pipe that does not include carrier LTE f1. Priorities inside the access pipe can be used to favour the reselection and handovers to the home cells/private cells.
With the access pipe approach, the network planning effort to implement private, public and virtual networks reduces to the planning of the neighbour cell list from the radio coverage point of view without the need to consider subscription aspects.
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Figure 5: Mobility across public and private networks 
3. Conclusions
In this contribution we have shown that the access pipe concept is a powerful tool that can be used to improve the controllability of subscribers across a heterogeneous network and support many of the mobility drivers stated in [1]. In addition, the integration of this concept into existing and future mobility procedures is done in an almost transparent way without creating complex solutions in LTE and legacy networks. Also terminal impacts can be minimised if the concept is carefully implemented in the specifications and alternatively solutions for the same purposes are avoided.  How the access pipes are delivered to UE (e.g. during attachment and TAU) are yet to be agreed but such a requirement is needed anyway to meet the subscription based mobility driver. Due to these advantages pointed out, we propose to include the access pipe concept as part of the idle/dedicated mobility procedures in E-UTRAN.
4.   References
[1] TS 36.300 Annex E: Drivers for mobility control
[2] R2-071255, “High level mobility principles in a heterogeneous network”
[3] R2-063072, “New drivers for cell reselection procedures in LTE,” Nokia.
[4] R2-070679, “Neighbouring cell information”, Samsung
[5] R2-071254, “Requirements for redirection in E-UTRAN”, Nokia
     GSM





GSM





GSM





GSM





3G





3G





3G





3G





3G





LTE (5MHz)





LTE �(10 MHz)





LTE (5MHz)





LTE (5MHz)





LTE (5MHz)





LTE �(10 MHz)





LTE �(10 MHz)





LTE �(10 MHz)





LTE (5MHz)





Subscriber class: Gold class2





Subscriber class: Basic








[image: image1][image: image6.png]Access pipe

priority | User1 [ Userz
1 [LEF [LTEFRL
2 GsM | 3GF3
3 36F4
4 GSM

e (celi)
Fine

£

B

=1




[image: image7.png]Original destination

Final destination

UE1

UE2

UE3

LTE 1.25Mhz

LTE 10 Mhz

HSPAf1
3Gf2




[image: image8.png]((« An)))

-
A
e s
LTE f1(10 MHz) LTEf1(10 MHz)

LTEf2(5 Mhz)

LTE f2(5 Mhz)

LTE 3 (1.25MHz)

LTE £3(1.25MHz)

3Gf4

3Gf4




